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Outline 

•  Fermi Instrument, Data & Data Products 
•  Status & Acknowledgements  
•  New developments (Pass 8 & 3FGL Catalog) 

•  Fermi Science 
•  Themes:  new data / new models / new questions 
•  A (brief) tour of science topics 

•  Heavy personal bias toward observations over modeling 
•  Outlook 
•  Thank You 
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FERMI INSTRUMENT, DATA 
AND DATA PRODUCTS 



Fermi Spacecraft & Instruments are Working Well 

•  LAT: 3.8e14 Triggers, 73,859,565,213 events processed on ground 
•  GBM: 2e12 detector counts resulted in 3469 transient triggers  
•  Fermi responded to 28 ToO requests: Sun, AGN, Crab, Novae, binary 

systems  
•  In Dec 2013, Fermi transitioned to a new observing strategy 

designed to enhance coverage at the Galactic Center while retaining 
all-sky coverage  
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McEnery 



Lots of Dedicated People to Make it Work 
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Fermi SSC Operations 

Instrument Teams 

& many others 

McEnery 

Bruel 



Predictions Two Years Ago at Monterrey 
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Digel 2012 



LAT Pass 8 Era is Starting 
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Bruel 

•  Many results using Pass 8 data, including: 
•  2FHL Catalog (Ajello),  
•  PG1553 variablity (Ciprini),  
•  Impulsive phase of solar flares (Desainte) 
•  Pulsar discoveries (Laffon) 
•  Dwarf Spheroidal DM search (Anderson) 
•  DM annihilation line search (Albert) 
•  GRB Searches (“Vianello”) 



The Third Fermi-LAT Source Catalog (3FGL) 
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Cavazzuti 

•  The 3FGL catalog uses the Pass 7 reprocessed 
data set 

•  Improved PSF w.r.t. Pass 7 
•  Deepest catalog from 100MeV to 300GeV 
•  Significant analysis refinements w.r.t. 2FGL catalog 

•  3033 sources (1873 in 2FGL) 



Catalogs are Drivers for Other Studies 
9 

Cavazzuti 



Other New / Upcoming “Catalogs” 

•  GBM Soft-Gamma Repeater (SGR) Catalog 
•  LAT Supernova Remnant Catalog(SNRCat) 
•  3rd LAT Active Galactic Nuclei (3LAC)  
•  2nd LAT Hard Source List (2FHL) 
•  LAT-detected Solar Flare List  
•  GBM X-ray Burst (XRB) Catalog 
•  GBM GRB Catalog Updates   
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Brandt 

Kouveliotou 

Lott 

Omodei 
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Briggs 



Fermi Mission Prospects 

•  Orbit re-entry in the range 2026 - 2044 (depending on solar activity) 
•  No consumables  
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“Precedence suggests that NASA does not turn 
off fully operational missions.”  

 -Julie McEnery 



New Synergies other Instruments 

•  Multi-messenger (MM) astronomy 
•  PeV neutrinos from Ice Cube 
•  Gravity-wave detectors 

•  Multi-wavelength (MW) astronomy 
•  eRosita (medium-energy X-ray) 
•  CTA (High-energy gamma-ray) 
•  SKA (radio) 
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Ahlers 

Ahlers 

Allen 



Proposed Missions 
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The GAMMA-400 Space Mission
Author: Paolo Cumani on behalf of the GAMMA-400 Collaboration Poster: 1.04

Focus on:

Gamma-rays
100 MeV – 3 

TeV

Electrons 1 GeV – 20 TeV

Protons/ nuclei
Up to  1015-1016 

eV

Tracker

Pre-Shower
Calorimeter

Pointing mode without Earth 
occultation

Pathfinder flight of the Polarized Gamma-ray Observer (PoGOLite) in 2013
Takafumi Kawano (Hiroshima University) On behalf of the PoGOLite Collaboration

Measuring of polarization
•Polarization : including information of magnetic fields and 

geometry of accretion disks!
→Powerful way to identify !
   acceleration mechanism in !
Crab nebula and other PWNe!

‣Past Observations of Crab nebula!
‣PD=20% at 2.6/5.2 keV(OSO-8)!
‣PD>~50% at >100 keV(INTEGRAL)!

• 10-100 keV band is not covered by previous observation!

• Polarization angle aligns with pulsar rotation axis above 
100 keV and the polarization degree is high (>~50%) with 
large error!

• We aim to constrain the emission site of X-rays/gamma-
rays by the detection of polarization

Crab nebula (X-ray)

PoGOLite balloon-borne instrument
• Collaboration campaign between Sweden, Japan and USA!
• Observing polarized hard X-ray/soft gamma-ray (25-100 

keV) from celestial objects!
• Target objects : Crab, Cyg X-1 (hard state)!
• Aiming for MDP ~10-20% for 200 mCrab source in single 

balloon flight for the full-size instrument (PoGO-217)!
• First successful balloon flight                                                

of reduced area pathfinder                                          
polarimeter during July 12-26                                                
of 2013

Flight trajectory & Results

The launch of PoGOLite

Launch!
2013-07-12!
08:18 UT!!
Cut!
2013-07-25!
23:24 UT!!
Landing!
2013-07-26!
00:15 UT

• Attitude control system performed well ~13.5 days !
• Exceeding required performance (within 0.1°)!
• Polarimeter worked first ~3 days, and then power system failed

Crab X-rays are registered by polarimeter!

BurstCube: A Gamma-ray Burst 
Detecting Swarm of CubeSats

Jeremy S. Perkins1, Judith Racusin1, Julie McEnery1 and John Krizmanic2 

1NASA/GSFC, 2USRA/CRESST/GSFC

Localization Errors for Different Simulation Realizations in Degrees !
!

A 12-Detector Satellite (Fermi-GBM-like, challenging in a CubeSat format): 2.2stat/2.3sys!
A 6-Detector Satellite (realistic in a CubeSat format): 8.2stat/7.7sys!
A 4-Detector Satellite (realistic in a CubeSat format): 35stat/38sys !

A Pair of 6-Detector Satellites: 6.9stat/5.9sys!
A Swarm of four 6-Detector Satellites: 5.1stat/6.2sys

•  Wide-Field MAXI (X-ray monitor) 
•  HARPO (MeV-GeV telescope & polarimeter) 
•  GAMMA-400 (GeV telescope & calorimeter) 
•  PoGOLite (Gamma-ray polarimeter) 
•  PANGU (MeV-GeV telescope & polarimeter) 
•  GRAINE (Ballon-based emulsion telescope) 
•  CALET GRB monitor 
•  TSUBAME (Micro-satellite X-ray polarimeter) 
•  BurstCube (GRB monitoring CubeSat “swarm”) 



FERMI SCIENCE: THEMES 



γ-rays Probe the Extreme, Non-Thermal, Universe  

Dark Nebula Dim, young star Our Sun Globular Cluster 

CMB 

Accretion Disk 

Acceleration 
mechanism 

γ-ray production 
mechanism 

Foreground 
Effects 

Energy & 
particle source 

γ-ray sky 

Thermal Processes 



Non-thermal γ ray emission 

Energy source Acceleration  
mechanism 

γ-ray production 
 mechanism 

γ rays Foreground absorption 



Non-thermal γ ray emission 

Energy source Acceleration  
mechanism 

γ-ray production 
 mechanism 

γ rays Foreground absorption 



Theme I: New Data Challenges Old Models 
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“[The second pulsar catalog was the] end of being able to do science with 
cartoons.” 

 -Matthew Kerr 



Theme II: New Data Allow us to Make New Models  
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“When you are modeling you have to take into account all of these things.   It 
can get very complicated” 

 -Toni Venters 



Theme III: Testing New Models raises New 
Questions  
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“Lack of imagination is not proof of discovery” 
 -Dan Hooper 



FERMI SCIENCE: A (BRIEF) 
TOUR OF TOPICS 
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From Local to Cosmological Sources 



Updated Cosmic-Ray Electron Spectrum 

•  Pass 8 update to Fermi-LAT Cosmic-ray electron spectrum  
•  Up to > 1 TeV (Overlap w/ HESS)  
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Sgro 



Gamma Rays from the Solar System 

•  GBM + LAT Observation of Solar Flares 
•  Gamma rays correlated with coronal mass ejections 
•  Prompt gamma rays localized to active region 
•  Observation of gamma rays from flares beyond the Solar Limb 
•  Pass 8 reconstruction allows for study of impulsive emission 

•  Sun Monitoring / Quiet Sun observations 
•  Search for emission along the Ecliptic 
•  GBM observations of Terrestrial Gamma-ray Flashes  
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Vandenbroucke   
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Galactic Transients (Novae / Binaries) 

•  MW observations of Galactic Novae demonstrate that binary 
dynamics affect the particle acceleration  

•  Superorbital variation in LSI +61º 303  
•  Due to variations in circumstellar disc or mass decretion rate?  

•  Observation of Galactic Binary PSR B1259-63 periastron passage 
answers several open questions about that system 
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Nelson Tam 

Nelson 
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Magnetars 

•  GBM observations of Magnetars  
•  Soft-gamma repeater (SGR) Catalog 
•  Correlation between outbursts & state changes  

•  Neutron star astro-siesmology 
•  Detection of QPOs ~100 Hz by stacking moderate bursts from  

SGR J1550-5418 burst storm 
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Kouveliotou Watts 



Pulsar Hunting 

 
 

•  10 new pulsation detections w/ Pass 8 
•  MSP Fraction is Growing  

•  Observations of Candidate MSP Binaries Variability 

27 

Laffon 

Kong / Wang 



Pulsar Modeling 

•  Geometry plays key role 
•  LAT sample allow us to probe 

viewing / rotation phase space 
•  Initial radio + gamma combined 

models inconsistent 
•  Updated models fit gamma-ray 

data well 
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Include Microphysics, 
Reconsider Radio Model 
Buy Drill & Multimeter 

Kerr 

Timokhin 

Johnston 



Pulsars at Very High Energies 

•  Pulsed emission from Crab detected by MAGIC up to ~2TeV 
•  Inverse Compton emission from electrons w/ Γ > 5e6 
•  Pulse width still very narrow at these energies 

•  Tightly constrains IC emission region 
•  Interpulse “Bridge” emission also seen above 50GeV 
•  Pulsations from Vela observed above 50GeV 
•  Phase-gated stacked analysis of Fermi pulsars sets upper limits  

29 

Saito 

Takata McCann 



Pulsars Systems 

•  Increase in number of eclipsing binary systems (spiders) with Fermi 
•  Surprising large fraction of new pulsars are spiders 

•  Selection effects in searching for eclipsing binary systems with 
radio 

•  Transition objects switch to accreting state with high gamma-ray 
flux 

•  Are seeing intra-binary shocks in gamma-rays? 
•  Are pulses being shorted out, or simply obscured? 
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Archibald Torres 

Roberts 



Particle Acceleration in SNRs 

•  Excellent overview talks 
•  Dominant emission mechanism depends on SNR environment  

•  Nearby target material 
•  High-energy cutoff decreases with SNR age 

•  Shock / confinement mechanism evolves 
•  First Pass 8 results  

•  New SNR CTB 109 detected, RCW 86 is extended source 
•  SNR Catalog (32 classified GeV SNRs)  
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Hewitt Bamba 

Brandt / Di Palma 
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Other Galactic Sources 

•  Detection of gamma-rays from G25 star-forming region 
•  GBM Catalog of type 1 X-ray Burts 

•  NS accreting matter from low-mass companion 
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Katasuta Jenke 



Galactic Diffuse Emission 

•  LAT Diffuse emission model 
•  Extract emissivity variations w/ 

galactocentric radius 
•  High Velocity Cloud Study 

•  Extract emissivity variations 
away from galactic place 

•  Effect of including 3D structure in 
GALProp modelling 
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Casandjian Tibaldo 

Johannesson 



Fermi Bubbles Update 

•  Updated study of Fermi Bubbles 
•  Iterative procedure to extract bubble morphology then fit for 

bubble spectrum 
•  High-energy cutoff 
•  North / south bubbles have similar spectrum 
•  Evidence for cocoon, but not for jet 

•  Leptonic / Hadronic models both have strong / weak features 
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Franckowiak 



Diffuse Emission from the Galactic Center 

•  Template-based and GALProp-template hybrid analyses both find 
excess in the 2-10GeV range  

•  The best-fit spectrum and morphology depends somewhat on the 
modeling of the background / foreground 

•  One plenary & most of 1 parallel session on interpretations 
•  More on this topic later 
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Murgia 
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“Galactic” Sources: Magellanic Clouds 

•  Impressive Results from: 
•  HESS -- TeV discovery of 3 sources in the LMC 

•  Including 30 Doradus C superbubble  
•  Fermi-LAT– Two pulsars and 1 SNR detected in LMC 

•  Higher emissivity regions correlate with supergiant cavities / 
shells 
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Martin 



Active Galactic Nuclei 

•  AGN are by far the largest source class in LAT catalogs 
•  Many different ways to pursue science with AGN 
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Reimer 



Gamma-Ray Emission from AGN 

•  Many important questions are still open 
•  Where are the gamma-rays coming from? 

•  Doesn’t always come from near SMBH 
•  Is there a single “Blazar sequence”? 

•  Maybe, moving towards the “Blazar envelope” 
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Reimer 



Tracking down AGN Emission Region w/ MW Data 

•  AGN jets resolved in Radio & X-ray data (for nearby sources) 
•  Correlated variability with gamma rays can help to establish 

emission region 
•  Several cases where gamma rays appear to come from well 

downstream (~1-10 pc) in the jet 
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Meyer Larsson 



Understanding AGN Variability 

•  MW data help disentangle which spectral components are varying 
•  Stochastic processes at play, broadband study of variability power 

helps to test models 
•  Surprising observation of ~720 day periodic feature in gamma-ray, 

optical and radio bands in BL Lac object PG1553+133 
•  Dynamics near the SMBH 
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Edahiro Sobolewska  

Ciprini 



AGN as a tool 

•  AGN population at cosmological distances 
•  Blazar are the brightest persistent objects in the universe 
•  Gamma-rays from AGN probe much of the history of the Universe 
•  At high-energy pair-production off of optical or infrared light will 

attenuate gamma-ray flux 
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Furniss 



GRBs 

•  Understanding of GRBs has changed with Fermi data 
•  Distinct High-energy components to emission 
•  Temporal lags between MeV and GeV emission 

•  This has prompted development of new models  
•  Pass 8 model great promise below 100 MeV  

•  Also much large effective LAT field-of-view 
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Granot Veres 



Many More GRBs, and one very Special GRB  

•  Unrelated improvements have significantly increase the number of 
LAT-detected GRBs (now up to 100) 

•  Pass 8 reconstruction 
•  GRB search algorithm 

•  Unprecedented quality data from GRB 130427A give us a new view 
of GRB physics 
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Vianello Racusin 



Moving Beyond the “Crisis of the Band Model” 

•  “Crisis of the Band Model” was a bit topic at 4th Fermi symposium 
•  Phenomenological Band model no longer adequate to explain GRB 

spectra 
•  New efforts to move beyond the Band Model 

•  Physically motivated modeling (e.g. Burgess) 
•  Testing consistency of extra components beyond Band model 

(e.g., Guiriec) 
•  Much more detailed modeling  
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Burgess Guiriec 

Veres 



Isotropic Diffuse Emission 

•  Isotropic gamma-ray background (IGRB) from 100MeV to > 500 GeV  
•  Spectral rollover above 100 GeV 

•  Unresolved blazars, other AGN & starburst galaxies appear to 
account for most of the IGRB 

•  More information can be obtained from anistropy or cross-
correlation analyses 
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Ackermann Inoue / Shirasaki 



Dark Matter Searches 

•  Very nice summaries of DM searches from Wood (mainly LAT) and 
Zitzer (Veritas) 

•  Wide variety of search targets, most have no observed signal 
•  GeV Galactic center excess (more later) and positron fraction are 

main potential signals  
•  Possible alternative astrophyscial interpretations 

•  Also, a comprehensive talk about primordial black holes 
•  GBM search for spectral lines from sterile neutrinos   
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Zitzer Wood 

MacGibbon 
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Galactic Center Excess Uncertainties 

•  Very impressive talks by Calore & Weniger characterizing 
systematic uncertainties in studying Galactic center excess 

•  Probing of family of GALProp-based foreground models 
•  Empirically quantify goodness-of-fit of foreground/background 

models using control regions along the Galactic plane 
•  GC-excess is robust against systematic uncertainties 

•  Morphology is also robust.  Spectrum less so, broken power law is 
equally good fit as DM bb spectrum 
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Calore Weniger 



Galactic Center Excess Interpretation 

•  GC excess is consistent with DM 
interpretation in several ways 

•  Sphericity, extension and 
intensity disfavor some other 
proposed interpretations  

•  Most favored DM fits cluster near 3σ 
contours of Calore et al. DM bb 

•  <σv> ~ 2e-26  Mχ ~ 50 GeV 

48 

Linden / Hooper Weniger / Murgia 

Weniger / Calore 



Spectral Line Search / 135 GeV Line Feature 
Update 

•  “Low energy” ( < 10 GeV ) line search was systematically dominated 
•  Empirically quantified systematic uncertainties with scan of 

control region 
•  135 GeV Feature has faded into obscurity (0.7σ pre-trial) 
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Albert Albert / Caputo 



Dwarf Spheroidal DM Search 

•  Updated stacked Dwarf Spheroidal search to Pass 8 
•  No signal observed, new upper limits fall very close to expected 

values 
•  Limits are “in tension” with favored regions from GC analysis 

•  Note however that GC analysis error ellipses don’t include scaling 
uncertainties from DM density  
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Anderson 



OUTLOOK 



New Data Feeds Discoveries 

•  Pass 8 data opens LAT low-energy range 
•  3FGL catalog and various source class specific catalogs will be a 

key element of many upcoming multi-wavelength studies 
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•  New discoveries and models facilitated by 3FGL catalog 
•  4FGL catalog  (Pass 8 based) 

Highlights from the 6th Fermi Symposium 



Many New Questions Posed at This Meeting 
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Otsukaresama deshiita! 
“I see you have been working very hard!” or maybe “Good job!” 



有難う 御座います 



Thanks!!! 
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Local Organizing Committee Science Organizing Committee 

NASA, DOE & international  
agencies supporting the mission 

Contributors & Session Chairs  

Julie McEnery  
and the Flight Operations Team 



有難う 御座います 
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SOC Organization 
McEnery-sensei 
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Running the Symposium 
Takahashi-san 
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Kawaguchi-san (Hiroshima Univ.) 
Kawashima-san (Nagoya Univ.) 
Kinoshita-san (Nagoya Univ.) 
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